Abstract. The reasonable estimation of container haulage demand is significant for the container transportation in port cities. Based on the number of container trucks and container throughput from year 2009 to 2015 in Ningbo Port, container haulage demand is predicted using GM(1,1) model, the result is compared to prediction using supply-demand balance method, it is shown that the GM(1,1) model has better prediction accuracy and fitting than supply-demand balance method.
Introduction
The correct estimation of haulage demand has a great significance for the container transportation industry. The demand characteristics of container haulage are directly affected by the container turnover of the port and mode split between haulage and other modes such as train, river transport etc. Supply-demand balance method is suitable for predicting future demands for haulage industries.
Supply-demand balance method usually considers many related factors and has been applied in forecasting the quantity of urban taxi [1] . However, it is usually difficult to obtain accurate data for mode split which is required for supply-demand balance methods. GM(1,1) is the typical grey forecasting model in grey theory systems which was founded by Deng Julong [2] , and it may be superior to perform in the condition of small sample and poor information [3] . Vallée [4] introduced the development of grey system theory systematically and concluded that GM (1,1) was suitable for limited data. Ene and Öztürk [5] optimized the parameters in GM(1,1) model using Fourier series and Markov chain correction with a small amount of the most recent data. Which method will be better in forecasting for container truck is the question what we research.
Overview of GM(1,1) Model
GM (1,1) model is composed of a first-order differential equation of one single variable. It is mainly used in a complex system with fitting and forecasting characteristics to reveal changes in the dominant factors and the future development trend of change [6] . It has been widely used to carry out quantitative forecasts and reasonable prediction accuracy was obtained [7] [8] . In this paper, a GM(1,1) model was developed to predict the demand for container trucks in a port.
The actual demand of container trucks from year 2009 to 2015 in Ningbo is taken as the raw data ,then predicts the . Assume and . is accumated by , and .
is the generated mean sequence defined as
Where The differential equation of GM 1,1 model is as follows:
The weighted model parameters of GM (1,1) is determined by least square method for .
Where:
Solution of is below: (5) GM (1,1) model is established as follows: (6) According to Chen [9] et al., we can get that the prediction accuracy of GM (1,1) model that can be determined by the relative error, absolute correlation degree, mean square error and small probability error of the model, and these four indicators are also applicable to supply-demand balance method [10] .
Overview of Supply-Demand Balance Method
Supply-demand balance method has a certain forecasting function, most researchers [11] [12] [13] apply this method to taxi capacity configuration and all get a reasonable prediction. According to the actual demand of the container throughput, using this method to get the total amount demand of trucks.
Let W be total amount of transporting container by truck:
where, T is the container throughput, F is the daily average times of truck transportation, D is the average truck transportation distance, and P is the proportion of the containers using truck transportation.
Let K be total transportation distance:
where H refers to the quantity of containers transported in one day (24 hours).
In the transporting process may appear the empty driving phenomenon, we should consider this factor, using E to represent:
where N is total amount of container trucks, t is the average transportation time of truck, V is the average transportation speed of truck.
The quantity of container truck N can be obtained using.
Prediction of Haulage Demand for Ningbo
We use Ningbo as an example to demonstrate the application of above methods for the prediction of haulage demand. In order to accurately forecast the quantity of Ningbo truck, the supply-demand balance method and GM (1, 1,) are applied respectively for comparison. Relevant data on the haulage statistics, container throughput, proportion of the truck transportation and the number of truck are obtained from Ningbo Municipal Bureau of Statistics [14] , which is shown in Table 1 and Table 2 . 
Results
The predicted haulage demand in terms of number of trucks for container transportation is calculated using supply-demand balance method and GM(1,1) model respectively. Accuracy of prediction is analyzed using relative error, absolute correlation degree, mean square error and small probability error; these are showed in Table 3 . (1) The result of supply-demand balance method. Relative error = 0.0488, absolute correlation degree = 0.9061, mean square error = 0.0042, small error probability = 1, accuracy class is II.
(2) The result of GM (1,1) model. Relative error = 0.0321, absolute correlation degree = 0.9, 176, mean square error = 0.0471, small error probability = 1, accuracy class is II.
The residual data of the supply-demand balance method and the GM (1,1) model are shown in Fig.1 . It can be seen that the GM (1, 1) model is more accurate with smaller residual data. Comparison of four prediction error indicators is shown in Fig. 2 . It can be observed that GM (1,1) model has better performance in relative error and absolute correlation degree, but in terms of mean square error and square error ratio, supply and demand balance method is better. Overall, the GM (1,1) mode is more accurate.
The fitting curve of supply-demand balance method and GM (1,1) model with the actual data is shown in Fig.3 . 
Conclusions
Based on the comparison of demand-supply balance method and GM (1,1) model performance in predicting haulage demand of Ningbo between 2009 and 2015, it can be concluded that:
(1) Through the comparison of residual data, prediction error indicators and degree of fitting, the GM (1,1) model is slightly better than demand-supply balance method. It is therefore suggested that GM (1,1) model may be used to predict haulage demands.
(2) Using fitted GM (1,1) model, it can be predicted that the haulage demand in terms of number of container trucks in 2016 and 2017 will be 17,234 and 19,000 respectively, which means that the relevant government department should manage the truck quantity to avoid over supply of haulage capacity.
